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e Drell-Yan and Parton Distributions
e Fermilab E866/NuSea

e Absolute Cross Sections

» Future Experiments. Fermilab E906




f@ Proton Constituents. Quarks and Gluons
Oy g o

e Nalve Proton:
— 3 quarks at some Q,, bound by gluons
— QCD evolution does the rest

* Real Proton: Data guidesour knowledge
— Distribution of quarks, antiquarks and gluons
— QCD evolution tells us how distribution evolves, but
not original distributions y
— Experimental data provide guide for distributions E
— Theoretical assumptions guide (pregudice) our
expectations of the Parton Distribution (PDF)
behavior, e.g. Drell-Yan-West relationship
F(Q)—= (VN = q(x)—(1-x)N1
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f@ How are parton distributions determined?

* Phenomenological fit world’'s

datato find parton distributions
— MRST, Eur. Phys. JC4, 463 (1998)
— CTEQ, Phys. Rev. D55, 1280 (1997)
— GRSV, Phys. Rev. D63, 094005 (2001)
e Quite sophisticated
— NNLO DIS, NLO Drell-Yan

— include estimates of uncertainties
in PDF's

CTEQ4M (1997)
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Deep Inelastic Scattering (DIS)
R () na €xa (x)+a (x)]
FP (x)+ B (x) i & X[ (%) + (X)
X (x) 1 & X (x)- g (x)]

+q(x)Dy U

W Production Asymmetry

u(x)d(x,)- d(x)u(x,)
u(x)d (x,)+d(x)u(x,)

Au(Y) H

Drell-Y an
Opy X Z f’f [q: (2p)Gi(24) + Gi(Tp)qs (4]
i
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f@ Drell-Y an mtm Production and PDF’s

— v/ 3 » Detector acceptance chooses
% range in Xigge 8N Xpean:
ety %  high-x Valence Beam quarks
— * Low-x sea quarks.
d’c  4ma* 1 y
drydry  9xpxt S | CTEQ4M (1997)
Z e7 [qri () qi(2s) +
| 1 (?t.a (:Bt )gb?_ (xb)] 10 N Valence
e EXperiment measures mmomenta
= Virtual photon p, and py 0 o v
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
iEFHQpL/\/g:xb_xt \ v ] x L v Y,
M j+ y- = STpy Xtarget Xpheam
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Protons

Cherenkov Counter
% M
gom x 3N
X.ﬁl_ 7 — Station 1 Station 4
Cryogenic
Target System

Magnet Magnet
SMO

 Forward X, high mass mpair . (4.3m Cu)

Spectrometer . (13.4 1,-Cu, C, CH,)
o Liguid hydrogen and deuterium targets ¢« Momentum analyzing magnet (SM 3)
* Two acceptance defining magnets » Three tracking stations

(SMO, SM12) . & 4t tracking
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Fermilab E866/NuSea Detector A

Ring Imaging

Hadronic
Calorimeter

Electromagnetic
SM12 Analyzing SM3 Analyzing Calorimeter
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3 gpectrometer magnet setting which
focus different muon pair masses into the
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f@ E866 quark seadistributions: d/u A

‘R"rﬂ'l-'

. Select X, > X; 1o get first term (detector acceptance does this).

oDy X Z C? Gi (1) qui (xp) + qi (1) Tpi(Tp)]
i

225 FNAL E866/NuSea Drell-Yan,

« Study ratio of deuterium to : Na 51, CTEQU
hydrogen i
_ L5
P 1 d(x) |
= B = |l 1.5
20 Ty 2Lt B u(ig) |

2125
(Actually use full NLO ]
calculation to extract sea

. 075
guark ratio) |
0.5
f ®
 Approx. 360,000 events. 025F  SysemaicBmor |
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X
\11 February 2003 Paul E. Reimer, Argonne National Laboratory y




¢ Proton Vaence Structure d/u as X— 1

»
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Theory
e Exact SU(6):
d/u — 1/2
e Diguark S=0 dominance:
dlu—0
e PQCD:
d/u — 3/7
| T $ Petratos et al.
. # nucl-ex/0010011 =
L ¢ b
R
an;sz Y

d/u Ratio

~

Kuhlmann el al (CTEQ)
hep—ph/9912283 ]
Dotted—With Nuc. Corr. and d/u Forced to 0.2
Dashed—With Nuc. Cor. and CTEQS Param.
= % Solid-CTEQS5M (No Nuc. Cor.) .
| NoReliable 1
n i Theory/Data ]
"W Asymmetry i .
—and DIS Data | ' Choiceof
C : = i Param
" Nuclear Cor. hu"“l' -------- e 4
Small 4 pIS Data Only ™
C ' Nuclear Cor. Large | ]
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Parton x

Data
e Nuclear binding/Fermi Motion effects
In deuterium—choice of treatments.

e Proton data i1s needed.
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(N, Drell Y an Absolute Cross Sections
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f@ NLO comparison (Sea

A

| Fermilab E866/NuSea X

| "pp—ouuX
-Agd%qu . }
| £ 6.5% Norm. Uncertainty

oo

(dg/dx)/(d6™dx,)
-+
/ L
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X

to fall off above x = 0.15

Present data is much more precise.

0.25

0.3

* Xiarget distribution measures magnitude of d + 4
e Datain good agreement with PDF sfor x < 0.15. Deuterium starts

e Sea previoudly set by HERA small-x data and EGO5 Drell-Y an.
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LN Xpeam NLO comparison (Valence)
% o #@9
[ — CTEQ4M (1997
~ [ O MRST2001 uncertainty K :
g i -; // 10 3 \\ R
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Xp
* Xioqm diStribution measures 4u + d as x— 1.
 Both MRST and CTEQ overestimate valence 09| T i ‘;
distributions as x— 1 by 15-20%. O T
» Possibly related to d/u ratio as x — 1, but requires full PDF-sterflt

* Working with CTEQ to incorporate data in global fit.
 Radiative corrections under study.
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@ Future Drdll-Yan at Fermilab: E906

~

Fermilab E906 will:

- [ MRST2001 uncertainty _
L— * Provide proton

[ —

Z%EEO ﬂ:' e—o o o+ o O
i ¥ K. “f\ « d/u 0.LEXE 045

'ppﬂqu

- s pd— X of antiquark sea

absolute s at high-x

I Fermilab E866fNﬁSe{:§ i i } i \ e Nuclear dependence

o0

(dofdx,)/(do™>" /dx,)

— 1 6.5% Norm. Uncertainty .
@ E906 p-p — u'u X (Proposed)
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X

b

 Fixed-target Drell-Yan with 120 GeV Fermilab Main Injector
* SpyM1l/s= Larger cross section (more statistics)
» Scheduled to start collecting data in late 2008
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Drell-Yan Cross =, ™
Sections and Proton =

Parton Distributions

 Fermilab E866 has measur ed
the Dredl-Y an Cross section

with 800 GeV pp and pd

M d'a / dMdsx, [ nb GeV J nucleon |

s = 38.8 GeV

®  ERGH pd ¥
interactions. e Lok — wrona
. . 3 . PR [ T S 'ml.. ,uﬁ]lll,ll.l.
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pr eVI ous Dr el I -Y an dat a. ~ 1 MRST2001 uncertainty 1
e Proton structure ! el
— danduasx—1: current PDF'Sseemto % [ remmilb Essonbses L
overestimate valence distributions. fi; | SpashRs |
— d-bar and u-bar at intermediate x: Current 0. ‘ + 6.5% Norm. Uncertainty
PDF’ s in agreement with data | ® Bop Ffl}ﬂ?}{’ﬁﬂlﬁﬂﬂfd?. ST

0.3 0.4 0.5 0.6 0.7 0.8

e The Future: E906 X,

— Significant increase in Physics reach over previous Drell-Y an experiments.

— Approved in 2001/most likely run in 2008
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Datavs. PDF comparison

Koc=SadSno | POF | K/ |cdof | K'yy | cZdof

CTEQS |0.976] 1.42 |0.963| 2.51

CTEQ6 [1.016| 1.39 |1.001| 2.56

MRST98 [0.9/3| 1.38 |0.960| 2.37
MRST2001{0.980| 1.45 |0.966| 2.44

GRV98 [0.811| 2.04 [0.808| 4.15

» Reasonable overall agreement with recent Next-to-Leading Order
parton distribution fits.

=+ 6.5% global normalization uncertainty not included in fit.
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(/N Drell-Yan: NLO Terms

T
>

Compton Scattering Annihilation Gluon Vertex
Correction
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